The objective of this study was to compare the effects of increasing dietary net energy (NE) in growingfinishing diets with maintaining a standardized ileal digestible (SID) Lys:NE ratio or not adjusting this ratio and keeping SID Lysine (Lys) constant across increasing NE density. A total of 150 pigs (Line 600 Duroc × Line 241, DNA, Columbus, NE) were used in a 91-d trial. Pens of pigs were blocked by gender and BW before being randomly assigned to treatments with 2 pigs per pen and 15 pens per treatment. Treatment diets included a low-energy negative control diet and a 2 × 2 factorial arrangement of treatments with main effects of increasing dietary NE (medium vs. high) and formulation method (constant SID Lys:NE ratio vs. constant percentage SID Lys). Increasing NE increased (linear, P = 0.001) daily NE intake and improved (linear, P < 0.02) F/G with both formulation methods; however, ADG and HCW only increased (linear, P < 0.03) when a constant SID Lys:NE ratio was maintained as dietary NE increased. These results demonstrate the importance of maintaining a constant Lys:NE ratio when changing the NE of the diet for growing pigs.
Introduction
Increasing dietary NE can improve growth rate and feed efficiency in growing-finishing pigs. Because increasing energy density usually decreases ADFI, pigs might not consume enough nutrients other than energy, such as AA. Therefore, to increase energy concentration and prevent a limited response in growth performance, diets could be adequate in other nutrients (Nitikanchana et al., 2015 3 ). A previous trial 4 investigated the ef-Swine Day 2016 fects of increasing dietary NE without maintaining a SID Lys:NE ratio. In that study, increasing NE improved F/G, but there was no change in growth rate of growingfinishing pigs. Thus, the present study was conducted with the objective to compare the effects of increasing dietary NE with a constant SID Lys:NE ratio or a constant percentage SID Lys (no Lys:NE ratio) on growth performance and carcass characteristics of growing-finishing pigs.
Procedures
The Kansas State University Institutional Animal Care and Use Committee approved the protocol used in this experiment. The study was conducted at the Kansas State University Swine Teaching and Research Center in Manhattan, KS. Pigs were housed in an environmentally controlled barn with completely slatted concrete floor. Each pen was equipped with a single-hole stainless steel feeder and a nipple drinker for ad libitum access to feed and water.
A total of 150 pigs, 70 barrows and 80 gilts (Line 600 Duroc × Line 241; DNA, Columbus, NE) were used in a 91-d trial. Pens of pigs were blocked by gender and BW and randomly assigned to diets with 2 pigs per pen and 15 pen per treatments (7 pens with barrows and 8 pens with gilts).
Treatments were arranged in a 2 × 2 + 1 factorial including a low-energy control diet or diets with increasing NE (medium or high) and 2 formulation methods (constant SID Lys:NE ratio vs. constant percentage SID Lys).
All experimental diets were fed in meal form. Diets were formulated to be fed in 4 phases (65 to 110, 110 to 155, 155 to 220, and 220 to 280 lb) 5 and were prepared at the Kansas State University O.H. Kruse Feed Technology Innovation Center in Manhattan, KS.
The control low-NE diet was formulated to a 4.08, 3.50, 3.02, and 2.61 SID Lys:NE ratio and 0.91, 0.78, 0.66, and 0.57% SID Lys in Phases 1, 2, 3 and 4, respectively (Table  1) . Two high-NE diets were formulated to achieve either the same SID Lys:NE ratios as the low-NE diet or same percentage SID Lys as the low-NE diet. The low-NE diet was blended with each of the high-NE diets in a 50:50 ratio to obtain the 2 medium-NE diets. Soybean hulls were used in the low-NE diet and choice white grease was used in the high-NE diets. Crystalline AA also were used to achieve the constant SID Lys:NE ratio vs. constant percentage SID Lys diets. Thus, this study was composed of 5 dietary treatments (low-NE; medium-NE with constant SID Lys:NE ratio; high-NE with constant SID Lys:NE ratio; medium-NE with constant percentage SID Lys; and high-NE with constant percentage SID Lys. For diet formulation, feed ingredients were assigned an NE value taken from INRA (2004). 6 Pigs were weighed and feed disappearance was recorded on d 0, 19, 34, 61, and 91 to determine ADG, ADFI, and F/G. To analyze the data the study was divided in three phases of approximate equal time (Phase 1, d 0 to 34; Phase 2, d 34 to d 61; and Phase 3, d 61 to 91).
The NE intake and SID Lys intake were determined by multiplying the total feed intake × NE or SID Lys content in the diet and divided by days in the period. Caloric and SID Lys efficiencies were determined by dividing total NE intake or total SID Lys intake by the total gain in each period.
On d 91, all pigs were individually weighed and tattooed with a unique identifier. Pigs were transported to a commercial harvesting facility (Triumph Foods LLC, St. Joseph, MO) and held in lairage overnight prior to processing and carcass data collection. At the plant, HCW, backfat depth, loin depth and jowl IV value were collected. Percentage carcass yield was calculated by dividing individual HCW obtained at the packing plant by the individual final live weight obtained at the farm.
Data were analyzed as a randomized complete block design using PROC GLIMMIX in SAS (SAS Institute, Inc., Cary, NC) with dietary treatment as fixed effect. Block was included in the model as a random effect. Pen was the experimental unit for all data analysis. For analysis of backfat depth, loin depth, and percentage lean, HCW was used as a covariate. The main effect of formulation method was tested and contrast coefficients were used to evaluate linear and quadratic responses to dietary NE level within SID Lys formulation. Significance were set at P < 0.05 and tendencies were set at P ≤ 0.10.
Results and Discussion
From d 0 to 34, increasing dietary NE increased daily NE intake (linear, P < 0.001) with both formulation methods (Table 5) ; however, daily SID Lys intake increased (linear, P < 0.001) only when SID Lys:NE ratio was kept constant as dietary NE increased. Average daily gain increased (linear, P = 0.037) as did BW (linear, P = 0.005) as energy concentration was increased with constant SID Lys:NE ratio. Pigs fed constant SID Lys:NE ratio diets had improved (linear, P = 0.009) F/G with increasing dietary NE. Moreover, F/G was better (P = 0.026) in pigs fed diets in which the SID Lys:NE ratio remained constant compared those fed a constant percentage SID Lys as NE increased. The efficiency of NE utilization worsened (linear, P < 0.001) with both formulation methods as dietary NE increased suggesting the NE level of soybean hulls may have been underestimated or NE level of fat may have been overestimated in diet formulation. As a result, efficiency of Lys utilization also worsened (linear, P < 0.001) as dietary NE increased when a constant Lys:NE ratio was maintained.
The responses from d 34 to 61 were similar to those from d 0 to 34. Daily NE intake increased (linear, P < 0.02) with increasing dietary NE for both formulation methods; however, SID Lys intake only increased (linear, P < 0.001) when SID Lys:NE ratio was kept constant as dietary NE increased. As a result, ADG and BW increased (linear, P < 0.006) as dietary NE increased when maintaining constant SID Lys:NE ratio. In this phase, F/G improved (linear, P < 0.03) by increasing dietary NE with both formulation methods. However, NE efficiency tended to be poorer (linear, P = 0.055) by Swine Day 2016 increasing dietary NE with a constant percentage SID Lys, but was not affected when a constant SID Lys:NE was maintained.
The improvements in growth performance to increasing dietary NE were much less from d 61 to 91 than in earlier phases. However similar to earlier phases, pigs had greater (linear, P < 0.048) NE intake as dietary NE increased with both formulation methods, but SID Lys intake only increased (linear, P = 0.001) when SID Lys:NE ratio was maintained. In this last phase, despite the response observed in NE and Lys intake, there was no effect of dietary NE on ADG or F/G. Like previous phases, increased NE intake resulted in poor NE efficiency and increased SID Lys intake resulted in poorer SID Lys efficiency.
Overall, increasing dietary NE increased (linear, P = 0.022) ADG only in pigs fed with diets with a constant SID Lys:NE ratio. However, F/G was improved (P < 0.017) with both formulation methodologies. No effect of energy level was observed for ADFI, which resulted in an increase (linear, P = 0.001) in NE intake as dietary NE increased with both formulation methods. In treatments in which the SID Lys:NE ratio was kept constant, the increase observed in NE intake also resulted in increased (linear, P < 0.001) SID Lys intake. Thus, as pigs had more NE and SID Lys intake they were less efficient in utilization of the energy and SID Lys.
For carcass characteristics (Table 6) , HCW of pigs fed with a constant SID Lys:NE ratio were heavier (P = 0.027) than carcass of pigs fed with constant percentage SID Lys. Furthermore, increasing dietary NE within the SID Lys:NE ratio diets increased (linear, P = 0.002) HCW. Carcass yield increased (linear, P < 0.03) by increasing dietary NE with both formulation methods. A tendency for a dietary NE × SID Lys formulation interaction was observed for backfat thickness. Maintaining a constant percentage SID Lys as dietary NE increased resulted in increased (quadratic, P = 0.009) backfat depth compared with maintaining a constant SID Lys:NE ratio. Loin depth tended to be less in pigs fed constant SID Lys:NE ratio than in pigs fed diets with constant percentage SID Lys (P = 0.098). Increasing dietary NE with constant percentage SID Lys also tended (linear, P = 0.099) to increase loin depth and had a mixed effect (quadratic, P = 0.015) on fat-free lean. Increasing dietary NE increased (linear, P < 0.04) jowl IV with both formulation methods as expected due to increasing added dietary fat in those diets. Sayler et al. (2012 7 ) also observed increased jowl IV by increasing the amount of choice white grease in finishing pig diets.
In summary, increasing dietary NE with a constant SID Lys:NE ratio increased AA intake and resulted in improvements in ADG and F/G whereas increasing energy without keeping a constant SID Lys:NE ratio improved only F/G. Although pigs fed the low-NE diet grew slower, they were more efficient at utilizing the NE and SID Lys that they consumed. Increasing energy concentration without keeping SID Lys:NE constant also increased backfat depth. 
